The new training plans of the European Higher Education Area recommend the implementation of new teaching methods, which poses new challenges. Different teaching methods have produced successful results by applying collaborative methodologies. This paper evaluates adapting a collaborative methodology for engineering project subjects at a university school of engineering. A statistical analysis that employs a multifactor analysis of variance was performed to identify the factors that influence the success of implementing this approach in engineering project subjects. The results indicate that the size of the group is the most influential factor in implementing a collaborative methodology. With an analytic hierarchy process, a value function was defined to compare the behavior of the proposed collaborative methodology with the behaviors of other methodologies. Using this value function, the results of the proposed collaborative methodology were compared with those of lectures. Relating the comparison criteria to the skills that are acquired by the project subjects, better results are observed with the collaborative methodology.
I. INTRODUCTION
The new undergraduate degrees in the European Higher Education Area (EHEA) require continued review, approval, control and improvement of the degree programs and their implementation in the classroom. Achieving efficient implementation requires strong involvement of all members, which yields greater collaboration among the members and a higher time investment than for the previous education systems [1] .
Teaching and implementing technical projects is an important aspect of industrial engineering training. In the most recent plans of study in the EHEA, the University Coordination Council proposed a reform of the educational model that surpassed a mere conversion of the structure and content of the studies and matched the university activity model, which is based on teacher-student interactions to generate learning [2] . This situation forces teachers, particularly teachers of technical projects, to propose a new educational model that will enable students to achieve the skills reflected in these plans of study.
Many teachers use different models of pedagogical units in which students actively participate in the learning process [3] , [4] . Collaborative methodologies and tools are suitable for comprehensive learning that exceeds traditional methodologies [5] .
The benefits of collaborative learning have been revealed in multiple investigations [6] - [11] . Collaborative learning offers a space in which students can share their knowledge, structure thought as part of the sharing process and learn from other students, primarily in groups [12] - [19] . The skills acquired by students via collaborative learning environments can be a competitive advantage when entering the job market [20] . Collaborative methodologies prepare students to perform their future professional activities and teach teamwork skills that are valued by companies [21] , [22] .
A collaborative learning model represents a significant change from the traditional lecture format. Lectures do not have to disappear from classrooms where collaborative methods are employed; they are instead complemented with other processes based on active work, analysis and discussion of issues among students [23] . When comparing collaborative learning and the traditional method (lecturing), Gubera, C. and Aruguete, M. S. indicate that collaborative techniques can improve lectures and that collaborative learning techniques should not completely replace lectures [24] .
The active participation of students is considered a very important factor in education. To achieve greater involvement or participation of students in the learning process, this active participation must be programmed; the active participation of students must be accompanied by specific instructions [25] . The use of active teaching methodologies has expanded in recent years to engineering education. Approaches that are based on problem solving, case studies, mathematical simulations and the development of projects are part of active teaching methodologies [26] . Students actively participate in the learning process, especially if the tasks to be performed have an empirical component [27] .
Active methodologies promote the participation of students in their own learning. This participation is encouraged in engineering studies by practical activities that occur both inside and outside the classroom. The work that is performed outside the classroom corresponds to their independent activities, which should be supported by briefings and accompaniment to achieve effective learning [28] .
A technical project is normally drafted by a team that provides solutions to different approaches. These solutions emerge from the interactions among all team members.
In the teaching of engineering projects, a range of knowledge is needed to draft a technical project; this knowledge may be taught in a traditional manner using theoretical fundamentals of the subject. By providing solutions to the specific cases that arise during the drafting of the project, all students will contribute their knowledge via collaborative learning and debate their peers to generate a solution to the case studies. This acquired knowledge will enable the students to obtain a perception of the particular problem and convert it into a generic problem [29] .
Considering both the method of conducting a technical project and the advantages of collaborative learning, it seems logical to learn how to conduct a technical project in a collaborative manner. A collaborative methodology can help resolve the new scenario that is presented for teaching project subjects in industrial engineering programs according to the model proposed by the EHEA.
Adapting the collaborative model in the teaching of industrial technical projects combined with the quantitative assessment of the impact that this methodology generates by considering student perceptions creates a path toward the correct assimilation of the required project skills by students, according to the new EHEA scenario.
Few experiences of using collaborative methodologies to teach project subjects of industrial engineering have been documented; most application examples are linked to scientific and technological fields that are related to telecommunications, electronics and information technology.
This paper presents an evaluation of the adaptation of a collaborative methodology to teach technical projects in a university school of industrial engineering. Fig. 1 shows the stages for evaluating the use of a collaborative methodology to teach technical projects. Once an approach for adapting a collaborative methodology in project subjects is defined, the first proposed phase is to identify factors that can influence the implementation success of a collaborative methodology. Considering the influence of these factors, a collaborative methodology can be adopted in project subjects. To compare the results obtained from the application of other methodologies, criteria for comparison and the relative importance of each criterion must be selected (phase 2). The set of comparison criteria may be related to the acquisition of one of the skills that is addressed in the project subjects. The performance of the collaborative methodology in the project subjects can be compared with that of other methodologies.
II. METHOD

A. ADOPTING OF A COLLABORATIVE LEARNING METHODOLOGY IN THE PROJECT SUBJECTS FOR UNIVERSITY DEGREES IN ENGINEERING
The application of the methodology is defined for the practical part of the project subject. All university degrees in engineering include this subject in their curricula. One course consists of 15 standard practical sessions, and the duration of each session is two hours.
The skills conferred by the education plan that is contained in the dissertation of engineering education include the ability and capacity to design, plan, draft, develop, organize, manage and direct projects. This skill requires a student to be able to analyze the background, set objectives, plan the work, select appropriate technologies, and document and estimate the cost of the selected solutions. The student should be able to define the scope of the project, specify the technical characteristics and assess the economic-financial aspects and the economic, social and environmental impacts of the project to enable the effective future introduction of technical or environmental improvements. To obtain these skills and knowledge, the teacher proposes a technical project to develop the practical part of the class during the course.
Considering that teachers have to efficiently structure learning activities in the application of a collaborative methodology [30] , the various technical aspects of the project that require solutions are divided into small work packages developed in the 15 practical sessions.
The proposed adaptation seeks the active participation of all students throughout each class period, even if this participation involves, as described by McCoy [31] and Bose [32] , a greater effort in preparing the content of the activities and their follow-up as well as an acceptable level of training of the teacher [33] , [34] . Each of the activities will be conducted in work groups either in person or remotely.
The following weighting is employed to evaluate the course: 20% for the 15 sessions, 20% for the defense of the project report and 60% for the assessment of the project report (final project documentation). This weighting will represent 50% of the final grade, which is complemented with the 50% that is allocated to the theoretical part of the course.
The theoretical part is taught by lecture, and the problem solving is performed in groups during 15 additional one-hour sessions that complement the practical part of the course. FIGURE 2. Process for implementing a collaborative methodology that is adapted for teaching projects. The duration of each task within a standard class. Steps 2 and 3, which entail the work performed by each group, occur outside the classroom; steps 1, 4 and 5, which comprise the common work for all groups, occur in the classroom.
The diagram in Fig. 2 shows the proposed process for adopting a collaborative methodology in project subjects. The process is based on a cyclical approach that includes five steps. Fig. 2 shows the stages and their duration for a standard practical class [35] .
First, the person who is responsible for the project (the teacher of the subject) presents the problem to be solved and establishes the decision criteria to use in the subsequent assessment and prioritization of solutions. In this stage, the work groups are formed, and the coordinator for all groups is chosen by consensus to coordinate the various information provided by the different groups.
Second (step 2), each group separately studies, creates, resolves and forms its solution and deposits this solution in the platform selected for their subsequent consultation and analysis by the remaining groups (step 3).
Last (step 4), the results obtained in the steps 2 and 3 are shared. With the coordination of the person who is responsible for the project, the proposals are analyzed, and the possible definitive solutions for each proposal are adopted. The person who is responsible for the project presents a new problem until the project is completed (step 5).
Information and Communication Technologies (ICTs) are being used to create another dimension to complement the physical learning in classrooms, which enables flexible and collaborative forms of learning [36] .
The use of ICTs provides many possibilities in teaching development and collaborative learning [37] - [40] . The new technologies improve learning [41] and motivate collaborative work [42] , [43] .
ICTs in education are changing educational processes. The use of ICTS is very important with the new teaching methods that are promoted by the EHEA [44] . The use of ICTs for technical teaching in a university does not represent a reduction of personal effort by the teachers and students in the educational process, although it positively contributes to the cognitive development of students and facilitates collaboration between students and teachers [45] .
The success of the implementation of ICTs is dependent not only on the attitude of the teacher who adopts the methodological changes of the new EHEA but also on the university supporting their training needs and the resources that are required to implement a new teaching-learning model [46] To adapt a collaborative methodology for project subjects, the following ICTs are incorporated:
• The cloud as a platform for sharing work files;
• Moodle: a tool integrated in the website of a university in which all basic documentation is provided to the members of the different groups;
• E-mail: the means by which queries and punctual doubts are solved; and
• Links with other web addresses (public agencies, private companies, official bulletins, legislation, and guides) as supplementary material.
B. INFLUENTIAL FACTORS AND VALUE FUNCTION
A review of various scientific studies indicates that the main factors to consider for the successful implementation of a collaborative methodology are related to the definition of the work groups, the structure and programming, the content of the required work and the student-teacher role. In various studies, most authors [8] , [23] , [25] , [47] - [59] considered the size of the work group. The majority of authors claimed that a better result is achieved when there are a small number of students in the group. Students who work in small groups tend to learn more and retain what they learned [60] , [61] . The activity of a small group provides a more emotionally safe environment because it forces students to take a more active and responsible role [62] .
Regarding the composition of the group, the influence of homogeneity is uncertain (level of knowledge and skills). Some authors [63] claim that homogeneous academic level and skills are better, whereas others claim that better results are obtained with heterogeneous groups (especially for less bright students) [64] , [65] . Saiz-Adalid and Gracia-Morán [66] assert that if the knowledge level of the team members is similar, then highly equal and reciprocal dialog can be promoted, which enables the establishment of symmetrical relations among the members of the group, even if their roles are different.
With regard to the content and complexity of the work, few applied studies in the area of technical projects are available. Psycharis [67] evaluates the impact of the number of solutions to the proposed tasks and comments that collaboration is more complex and a methodology of consensus is required when more than one solution is available. The latter point is common for tasks that are related to projects within industrial engineering.
Considering the approach of the collaborative methodology described in the previous paragraph and the factors (refer to Table I ) of group size, content of the work, difficulty of the work, and homogeneity of the groups (knowledge level of the group), the most influential factors on the quality of the work performed by students, delivery time and student satisfaction will be identified after implementing the collaborative methodology in the project subjects of the different industrial engineering degrees. The identification will be performed using a multifactor analysis of variance (ANOVA) [68] .
An analytical hierarchical process (AHP) is used to compare the collaborative methodology that is implemented on project subjects with respect to the implementation of other methodologies, [69] , considering the following comparison criteria: overall learning level of the student (a), level of development of other skills by the student (b), satisfaction level of the student (c), and student dropout rate (d).
The overall learning level criterion is evaluated using the following subcriteria: Subject passing rate -the number of students who pass the course compared with the number of students who are tested (a1) and Level of grades -average value of the grades from examinations (a2).
The level of development of other skills is evaluated using the following subcriteria: Level of use of ICT tools (b1), Degree of integration and maturity in teamwork (b2), Level of autonomous learning (b3), Degree of critical awareness and self-criticism (b4), Level of reasoning and decisionmaking (b5), Level of drafting technical documentation (b6), and Level of the presentation and defense of results (b7)
The dropout rate is evaluated using the following subcriteria: Value in an examination (d1) and Value in a course (d2).
III. RESULTS
A. COURSE CONTEXT
The implementation of the proposed methodology was conducted in the project subjects of the current engineering undergraduate courses of university degrees in industrial technologies, mechanical and electrical engineering, electronics and automation, chemistry, industrial organization and industrial design. These subjects are mandatory. The teaching load is 4.5 ECTS credits, of which 1.8 credits are acquired in person and 2.7 credits are distance credits.
B. STATISTICAL ANALYSIS: INFLUENTIAL FACTORS
The proposed methodology was implemented in the last five courses by considering the following factors: group size (number of students), project content, level of knowledge about the project, and difficulty of the work. Thirty-two representative samples were analyzed from a total of 280 samples in the various project subjects from all study plans.
A statistical analysis was performed using a multifactor ANOVA. This model can describe the impact of the factors on each dependent variable. The study was performed for the delivery time of the work performed by the students, the satisfaction level reported by the members of the work group and the quality of the work performed by the students (using the final grades obtained in the practical work). This model was used to determine which factors-Group size (A), Content The ANOVA results (Table II) show that the factors of group size, difficulty and the content/knowledge level have a statistically significant effect on the time variable. The contribution of these factors is higher than 80%. A larger group size and a greater complexity of the project both increase the time variable. Fig. 3 shows how the influence of project content and knowledge level on the time variable is greater when the project content is an industrial facility. Table III shows the ANOVA results for the factors that are associated with the variable satisfaction. The group size factor and the interaction between the group size and difficulty factors show a p-value that is less than 0.05, which denotes a statistically significant effect on SATISFACTION with a 95.0% confidence level. These interactions represent a contribution that exceeds 40%.
A smaller group size has a greater level of satisfaction. The influence of the knowledge level of the group on the satisfaction level is greater for larger group sizes.
An analysis of the ANOVA table (Table IV) shows that difficulty, the interaction between Group Size and Knowledge, and the interaction between Content and Knowledge are statistically significant factors of QUALITY (p-value < 0.05). The factors contribute more than 34%. The level of quality is higher for smaller groups, and the influence of project content on quality is higher for larger groups. The influence of the difficulty of the work on Quality is higher if the work is performed at industrial facilities (Fig. 3) .
C. VALUE FUNCTION: ANALYTIC HIERARCHY PROCESS. COMPARISON OF COLLABORATIVE METHODOLOGY APPLICATION VERSUS LECTURING
Considering the comparison criteria that were described in the previous paragraph, Fig. 4 shows the hierarchical model that was employed in the AHP analysis to evaluate the methodology against the traditional lecture-based methodology. Three decision makers participated in the creation of the decision matrices and the assessment of the two alternatives. All decision-makers had more than five years of experience in the field of teaching and professional practice in engineering. The consolidated comparison matrix and priority vector that were obtained by the row geometric mean method (RGMM) [72] are shown in Table V . For comparisons among the criteria, the linear scale (1 to 9) proposed by [73] and [74] was employed. To evaluate the behavior of each alternative against the factors, a Likert-type scale [75] of 1 to 5 was used, in which a higher value indicates better behavior regarding the evaluated factor. The value obtained for the global consistency index (GCI) [76] - [78] for matrix M is 0.02, which indicates an acceptable level of consistency. A weighted sum is adopted to obtain the value function (VF) and calculate the ranking of alternatives (Table V) . A total of 238 actual cases that applied the methodologies being compared were considered. Fig. 5 shows the average values obtained in the evaluation of the different comparison factors, considering these cases. After applying the value function to both methodologies, the value of the collaborative methodology is higher than 50% of the value obtained using lectures.
The relationships between the skills and the different criteria and subcriteria for comparing the applied methodology and the lecture are illustrated in the top image in Fig. 6 . A box represents a relationship between the evaluated factor and the skill. The following skills were identified: C1: Ability to apply and dominate cultural, technological and communication knowledge; C2: Ability to plan the development stages of a product at a conceptual level; C3: Ability to plan the development stages of a product at a detailed level; C4: Ability to project, visualize and communicate ideas; C5: Ability to manage technical specifications and prepare technical reports; C6: Ability to understand and apply legislative knowledge; C7: Ability to understand and apply knowledge of occupational safety and health; C8: Ability to apply mandatory rules, regulations and specifications; C9: Ability to understand the culture of the project; C10: Knowledge and ability to organize and manage projects; C11: Ability to apply the knowledge of technology, components and materials; C12: Ability to understand and apply information technologies knowledge; C13: Ability to develop project processes; C14: Ability to implement design and industrial development projects; C15: Environmental awareness and commitment to preserving the environment and sustainability; C16: Ability to design, draft and direct projects; C17: Ability to manage technical specifications and prepare technical reports; C18: Ability to apply the knowledge of technology, components and materials; C19: Ability to apply mandatory rules, regulations and specifications; C20: Ability to apply and dominate cultural, technological and communication knowledge. Each of the skills is linked with several factors, and the same factor influences various skills. The valuation of each skill is represented in an X-Y diagram, where the X value represents the average value obtained for the lectures, which is calculated using the assessment average of the factors that influence the skill. Similarly, the Y value represents the average value obtained for the collaborative methodology (refer to the bottom picture in Fig. 6 ). All values are listed above the diagonal, which indicates that the acquisition of skills is better for the collaborative methodology than for the lectures. The most important improvement occurs for skills C11, C12, C14, C15 and C20.
IV. DISCUSSION
To implement the described collaborative methodology, available resources, the previous experiences of the students and the particular constraints of its use in an academic environment should be considered.
The difficulty of the limited available resources has been resolved with investments in programs and the availability of the university to all students. Every year, investments in software, which serve as a tool for solving problems, were made. These resources were essential to achieving results. Once the necessary resources are available, a strategy should be designed to use these resources for the faster completion of an educational program.
The system of student participation during practical classes was the first experience that demonstrated its importance in problem solving. The issue with this situation was the lack of time. Although it was very positive for education because the VOLUME 5, 2017 students were partly responsible for searching and channeling the information, this situation decelerated the process.
The incorporation of ICTs was very important because it improved the participation of everyone (teacher and students) and improved access to the information that was necessary to achieve the objectives.
The results of the evaluation of the influential variables in the implementation of the collaborative methodology in project subjects indicate that the factor with the greatest statistically significant effect on the independent variables is group size. A smaller group size generates a shorter project delivery time, greater satisfaction with the performed work and better results. The difficulty of the work has a significant influence on the delivery time of the project, and an increase in difficulty increases the delivery time. These results correspond with the majority of scientific studies.
The interaction between the content of the work and the knowledge level of the work group has a statistically significant influence on the Quality and delivery time. The content and difficulty level have greater influence on these variables when the content of the project relates to industrial facilities. The level of knowledge has a greater influence on the variables Satisfaction and Quality for larger group sizes. These results compliment the results obtained by Psycharis for the difficulty level of the work by considering not only the difficulty level but also the actual content of the work and the knowledge level.
Using an AHP substantially helped by providing a tool that can compare the behavior of the proposed methodology with the behaviors of other methodologies.
The comparison of the results obtained from the implementation of the proposed methodology with the traditional methodology shows a significant improvement. This finding may facilitate the development of the skills to acquire from project subjects. In reference to Fig. 6 and considering the results obtained with the implementation of the proposed methodology, a substantial improvement in the specific skills in project subjects is achieved.
The presentation and defense of the results is jointly performed in public, in front of the participating groups and the responsible teacher. This situation requires the students to develop a control of knowledge and communication abilities. In addition, students develop a better control of planning, which is reflected in other skills.
The preparation and management of technical documentation by students for the subsequent drafting of the project develops their ability to manage all types of documentation and its understanding and structure to subsequently prepare the documentation that is required in a technical project.
The development of criticism and self-criticism of their own jobs accomplishes the sharing of knowledge and methods for assessing the criteria to increase the knowledge capability regarding the project implementation process, the application of the technologies needed for each problem, and the encouragement of environmental awareness as a basis for developing solutions.
Autonomous learning enables students to develop abilities related to gathering information and their subsequent application within the addressed problems.
Teamwork is one of the solutions that is increasingly employed in the implementation of projects; teams are essential for large projects. Teamwork achieves a broader vision of a problem and increases the knowledge about a project and the creativity and capability of designing, organizing and managing projects. The use of ICTs is very important in the development of this type of activity and increases the knowledge of communication technologies and their application in projects and the ability to design. In addition, using ICTs increases the commitment to the environment and sustainability.
The implementation of projects is becoming more complex as the demands of society increase. This situation transfers to the university level and requires significant effort by teachers. Many engineering degrees have numerous functions granted by law that can be performed by graduates. One of their functions is to conduct projects; teachers understand that students must acquire the skills needed to handle projects with the current methods.
As the plans of study advance, within the subjects related to engineering projects, the allocation of credits to project subjects decreases in each new plan. This decrease increases the difficulty of teaching project subjects because the regulation requirements and new trends in the project area are increasing. Increasingly, projects are required to be better defined at the drafting stage; thus, the execution phase is faster, more eco-economic, and safer.
After analyzing the courses in which a project that satisfies the outlined features is executed by students using a collaborative methodology to complement the lectures, the active participation of students is encouraged, and faster and lasting learning is provided, which is similar to the experiences described by Smith, B. L. and Mac Gregor, J. T., Gubera, C. and Aruguete, M. S., Davidson, N.; Major, C. H. and Michaelsen, L. K.
The results of the evaluation are very satisfactory and similar to the results described in the application of collaborative methodologies in various engineering fields. The evaluation of the methodology provides data that encourage additional work by adapting to it new needs that arise in the project environment. Currently, an evaluation of the collaboration among teachers, within the application of collaborative methodologies for teaching technical projects, is being performed. A subjective assessment of students with regard to their technical project evaluation is also recommended for the continuous improvement of the collaborative methodology described in this paper.
